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ABSTRACT
Objectives. We used Home Mortgage Disclosure Act (HMDA) data to dem-
onstrate a method for constructing a residential redlining index to measure 
institutional racism at the community level. We examined the application of 
the index to understand the social context of health inequities by applying the 
residential redlining index among a cohort of pregnant women in Philadelphia. 
Methods. We used HMDA data from 1999–2004 to create residential redlining 
indices for each census tract in Philadelphia County, Pennsylvania. We linked 
the redlining indices to data from a pregnancy cohort study and the 2000 
Census. We spatially mapped the levels of redlining for each census tract for 
this pregnancy cohort and tested the association between residential redlining 
and other community-level measures of segregation and individual health. 
Results. From 1999–2004, loan applicants in Philadelphia County, Pennsylvania, 
of black race/ethnicity were almost two times as likely to be denied a mort-
gage loan compared with applicants who were white (e.g., 1999 odds ratio 
[OR] 5 2.00, 95% confidence interval [CI] 1.63, 2.28; and 2004 OR52.26, 95% 
CI 1.98, 2.58). The majority (77.5%) of the pregnancy cohort resided in redlined 
neighborhoods, and there were significant differences in residence in redlined 
areas by race/ethnicity (p0.001). Among the pregnancy cohort, redlining was 
associated with residential segregation as measured by the percentage of black 
population (r50.155), dissimilarity (r50.250), exposure (r5–0.115), and isolation 
(r50.174) indices. 
Conclusions. The evidence of institutional racism may contribute to our under-
standing of health disparities. Residential redlining and mortgage discrimina-
tion against communities may be a major factor influencing neighborhood 
structure, composition, development, and wealth attainment. This residential 
redlining index as a measure for institutional racism can be applied in health 
research to understand the unique social and neighborhood contexts that 
contribute to health inequities.
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Racial/ethnic inequities exist for a range of health-
related factors and outcomes in the United States. 
Researchers have proposed that social and contextual 
factors are the fundamental causes of existing racial/
ethnic health disparities.1–6 Neighborhood or com-
munity environments may play an important role in 
understanding the broader social context of health. 
In health research, the neighborhood or community 
context has been hypothesized to influence health both 
directly and indirectly through a variety of neighbor-
hood conditions. These neighborhood conditions can 
potentially influence disparities in health outcomes 
through several pathways via exposure to stress or 
health-promoting environments at the individual and 
neighborhood level.7 
Many studies have examined neighborhood-level 
constructs such as residential segregation and area-
level socioeconomic characteristics as a key to under-
standing disparities in health.8–25 Prior health studies 
have operationalized residential segregation, or the 
racial/ethnic separation of groups geospatially, using 
measures such as the dissimilarity index and the per-
centage of black population in a specified area.8,14,15,25 
Researchers postulate that racial residential segregation 
is a fundamental cause of disease differences between 
black and white people because it shapes social condi-
tions for black people at the individual and community 
levels.13,25,26 Additionally, racial residential segregation 
may influence health beyond individual-level factors as 
a result of differential exposure to adverse neighbor-
hood conditions due to systematic discrimination or 
institutional racism.6,7,25 
Institutional racism consists of the policies, norms, 
and institutional practices that result in either intended 
or unintended differential access to resources and 
power based on race.27,28 The effects of institutional rac-
ism can result in a separation of racial groups (i.e., resi-
dential segregation), disinvestment in racially mixed or 
nonwhite communities, and directing investment and 
resources into homogenous, all-white communities.29 
Forms of structural or institutional racism historically 
influenced health services, housing, education, employ-
ment, and attainment of wealth in the U.S.6,25,27,30,31
Residential redlining and other forms of mortgage 
discrimination are likely causes of residential segrega-
tion resulting in inequities in neighborhood environ-
ments and access to resources.32 Residential redlining, 
also known as mortgage lending discrimination, is the 
institutional practice in which banks and other financial 
institutions deny loans to communities and individuals 
based on race.6,33,34 The term was coined in the 1960s 
to describe the practice of lending institutions marking 
or drawing communities in red on maps as a means to 
deter lending and investment.34 Although the term was 
coined in the 1960s, these practices were in place prior 
to this time period and were supported by the federal 
government.29,34 Residential redlining has resulted in 
disparities in attaining a source of wealth through 
homeownership and disinvestment in communities as 
a result of these policies and practices.25,31 
Residential redlining can be seen as one of the 
institutional policies and practices, both historically and 
currently, that has influenced neighborhood structures 
and environments by denying mortgage opportunities 
to individuals and communities of color. Residential 
redlining as a neighborhood factor may influence a 
neighborhood’s composition or social environment 
through residential segregation, area-level socioeco-
nomic status, or related attributes. These attributes 
may in turn influence health for populations, and 
residential redlining may directly influence health 
behaviors or health outcomes through various path-
ways. We present a conceptual model of the relation-
ships among residential redlining, segregation, and 
pregnancy health (Figure 1). This conceptual model 
builds upon previous models examining neighborhood 
context and pregnancy health.7,8 
Similar to residential segregation, residential redlin-
ing as a measure of institutional racism at the commu-
nity level can be employed in health and social research 
to understand current health and social inequities. To 
our knowledge, only one published study has examined 
residential redlining in association with health.14 The 
study used data from the Home Mortgage Disclosure 
Act (HMDA), which is a reporting mechanism for 
determining housing needs in communities, distrib-
uting investments for development, and identifying 
discriminatory lending practices.14,26,35 The researcher 
created a measure for residential redlining by applying 
a fixed-effects model to estimate the odds of loan denial 
among Chinese Americans for each neighborhood.14 
To our knowledge, no other studies have investi-
gated mortgage discrimination at the community level 
against black people or other racial/ethnic minority 
groups as a proxy of institutional racism in relation to 
health. In addition, this study has applied a multilevel 
model (i.e., random effects model) in constructing an 
index for residential redlining at the community level. 
Finally, we argue that residential redlining and the use 
of HMDA data capture an important dimension of the 
neighborhood context as a social determinant of health 
largely overlooked in prior work. 
To address these current research gaps, we demon-
strate the application of HMDA data and a method of 
constructing a residential redlining index for public 
health applications. We linked these data to a cohort 
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study of pregnant women to enhance the public health 
application of administrative data such as HMDA. Link-
age to the pregnancy cohort provides an example of 
its usage in a perinatal health context, which can be 
applied to other health cohorts. This linkage allowed us 
to examine contextual layering by studying multilevel 
effects and interrelationships between neighborhood-
level and individual-level information. In this study, we 
(1) outline a method for developing and interpreting 
a residential redlining index using HMDA data, (2) 
spatially map the levels of redlining of neighborhoods 
among a pregnancy cohort in Philadelphia County, 
Pennsylvania, (3) examine the redlining index in asso-
ciation with four measures for residential segregation 
and individual risk factors among a pregnancy cohort, 
and (4) describe how this index can be applied to 
improve the study of public health issues. 
METHODS
Data sources
The HMDA is an administrative database created by the 
Federal Reserve Board that collects yearly information 
from banks and other lending institutions providing 
mortgage loans. We accessed these data through the 
Federal Financial Institutions Examination Council’s 
(FFIEC’s) HMDA Loan Application Register. Aggregate 
reports for HMDA are available online and on CD-
ROM. For this study, we used individual loan informa-
tion rather than aggregated data, which are also now 
available online through the FFIEC. The residential 
redlining construct for this study was derived from the 
HMDA for the years 1999–2004.35
The HMDA dataset contains mortgage loan infor-
mation from financial institutions throughout the U.S. 
and includes information about type and amount of 
loan, census tract of the property, loan disposition, and 
characteristics of the applicant. This study excluded 
(1) incomplete applications that were not processed by 
lending institutions and, therefore, could not be part of 
a measure for loan disposition bias; (2) properties that 
are not owner-occupied; (3) home improvement loans; 
and (4) multifamily units.14 This analysis only included 
mortgage loans with information about the applicant’s 
race and only those identified as black or white race. 
Although other racial/ethnic minority groups are 
included in this dataset, we decided to examine only 
the black-white disparity in loan disposition as an 
example and application for understanding mortgage 
discrimination. The HMDA database included an aver-
age of 16,527 loans per year from 1999–2004 for this 
analytic sample in Philadelphia County.
We linked indices for residential redlining (from 
HMDA) and segregation (from the 2000 Census) to 
each census tract in Philadelphia County where women 
from a pregnancy cohort study resided. The pregnancy 
cohort study was a cross-sectional, clinical prevalence 
study of chronic maternal stress and bacterial vaginosis 
(BV). Additional details about the study have been 
reported elsewhere.36,37 
The women were enrolled during their first prenatal 
care visit at community-based and hospital-based clinics. 
Inclusion criteria for the study were singleton gestation, 
less than 20 weeks gestation, intrauterine pregnancy, 
and English- or Spanish-speaking. Female interviewers 









Figure 1. Conceptual modela of residential redlining, segregation, and pregnancy health
sThis figure is a conceptual model of the relationships among residential redlining, segregation, and pregnancy health. Residential redlining is a 
form of institutional racism that influences racially/ethnically segregated neighborhoods and other neighborhood attributes. These neighborhood 
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about the women’s individual health, reports of stress 
and discrimination, demographic information, the 
census tracts in which they lived, and when the survey 
was collected. The survey information was linked with 
their vital birth record information after the women 
gave birth. A total of 4,880 pregnant women completed 
the survey. Of these women, we were able to success-
fully match 4,104 (84% of the 4,880) to the birth file 
and successfully geocode their addresses.
Neighborhood definition
The smallest neighborhood unit included in the HMDA 
database is the census tract, although block group-
level data are available from the U.S. Census and for 
the pregnancy cohort. As a result, the definition of 
neighborhood for this study was the census tract within 
Philadelphia County. The addresses of the pregnant 
women were geocoded and assigned a census tract 
based on the 2000 Census boundaries.
Measures for deriving the redlining index
We used the HMDA dataset to derive the redlining 
indices for each census tract in Philadelphia County.
Outcome for the redlining index. The loan action taken, 
which describes whether a loan was accepted or denied 
by a financial institution, was used to create the redlin-
ing measure. 
Main predictor for redlining index. The race of the loan 
applicant was the main predictor of loan disposition 
used in this study. The redlining index was operational-
ized as the black-white difference in loan disposition 
and, hence, included those who identified themselves 
as black or white race. Loans that were missing infor-
mation about the applicant’s race were not included 
in the analysis. Race data were missing either because 
the race was not provided by the applicant or loan 
officer, or because the applicant’s race was not appli-
cable if a financial institution rather than an individual 
purchased the loan. 
Covariates for the redlining index. These covariates 
included the applicant’s gender and gross annual 
income, as well as the loan amount. These covariates 
were chosen based on conceptual models and previ-
ous studies utilizing HMDA data to report housing 
discrimination.14,33,38,39 The applicant’s gross annual 
income and the loan amount were reported in thou-
sands of dollars and were continuous variables. Other 
important data, such as the applicant’s credit score 
and employment status, were not available in the 
HMDA database so could not be included as covari-
ates. Other neighborhood-level attributes were not 
included as covariates, although they may be related 
to loan disposition. In this study, we were interested 
in understanding the black-white difference in loan 
disposition (i.e., redlining) as a neighborhood-level 
factor alone and then examining its association with 
other neighborhood-level factors such as residential 
segregation.
Method for deriving the redlining index
We calculated the indices using multilevel logistic mod-
els to account for clustering of individual loans within 
census tracts and to create an estimate for each census 
tract. The estimates produced from the models allowed 
us to estimate the black-white odds of loan denial as a 
function of other covariates, which was the redlining 
index for this study. The full model was as follows:
Level 1 equation: 
Ln [pij/(12p)ij] 5 b0j 1 b1j(race of applicant)ij 1 
b2j(gross annual income)ij 1 b3j(loan amount)ij 1 
b4j(sex of applicant)ij 
Level 2 equation:
b0j 5 g001 u0j 
b1j 5 g10 1 u1j 
bpj 5 gp0 1 upj (for p1) 
[ u0j]~N ([ 0],[ t00  ]) u1j   0  t10t11
where i is an index for individuals within census tracts 
and j is an index for census tracts. 
The outcome to be examined was the natural log 
odds of being denied a loan (p, probability of event) 
where u0j is the random effect for census tract j. We 
also included a random effect for the intercept and 
slope for race. The random effect for race allowed us 
to estimate the black-white difference for each census 
tract. We assumed the random effects for the intercept 
and slope were normally distributed with means of zero, 
variance of t00 for the intercept and t11 for the slope, 
and a covariance between the intercept and slope of t10. 
The final index placed each census tract along 
a continuum of mortgage loan discrimination (i.e., 
residential redlining). For example, a score of 2.0 
indicated a neighborhood where the odds of loan 
denial among black people were twice the odds of 
loan denial among white people after controlling for 
loan amount, income, and gender of the applicant. 
Previous studies categorized the redlining index at the 
point where minority loan applicants were disfavored 
by 40% compared with white applicants, calculated as 
an odds ratio (OR) of 1.4.5,14,40 For reporting purposes, 
indices with a threshold of 1.4 are presented along with 
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the continuous measure for the redlining index. The 
redlining indices for the census tracts in Philadelphia 
County were compared across years to see if there were 
any significant mean changes in redlining between 
1999 and 2004. Because there were changes in the 
mean redlining index during the six-year period, the 
final redlining index was chosen based on the year in 
which the pregnant woman entered the cohort study. 
This index was linked to the census tract in which she 
lived. We used the GLIMMIX Procedure in SAS® ver-
sion 9.2 to create the redlining indices.41 
Additional measures from the  
U.S. Census and pregnancy cohort
Neighborhood-level measures. We derived the following 
measures from the 2000 Census. First, we applied 
several indices for residential segregation; additional 
details and calculations for these indices are described 
elsewhere.42 We linked the segregation measures to the 
census tracts from the geocoded addresses of the preg-
nant women from the cohort study. The “percentage 
black” indicates the percentage of black residents for a 
census tract. The “index of dissimilarity” is a measure 
of residential segregation that quantifies the propor-
tion of black people who would have to change their 
area of residence to achieve an even distribution of the 
population in census tracts. This index measures the 
level of evenness or differential distribution of groups 
across geographic units. The “exposure index,” also 
known as the interaction index, ranges from 0 to 1 and 
measures the extent to which members of a minority 
group (e.g., black people) are exposed to members of 
a majority group (e.g., white people).42 The “isolation 
index,” another measure of exposure, varies from 0 
to 1 and describes the extent to which members of 
minority group X are only exposed to one another. 
All of these indices range from 0 to 1, and the higher 
values indicate a greater degree of segregation. Both 
the exposure index (i.e., the interaction index) and 
isolation index differ from measuring evenness (i.e., 
the index of dissimilarity) in that both interaction 
and isolation attempt to measure the experiences of 
segregation felt by the average minority or major-
ity member. For example, a minority group may be 
evenly distributed throughout a city but may have 
limited exposure to a majority group if the minority 
group comprises a larger proportion of that city. The 
exposure indices (i.e., interaction and isolation) take 
into account the size of each group in determining 
the degree of segregation between them.42 
Individual-level measures. We derived the following mea-
sures from the pregnancy cohort study. For maternal 
race/ethnicity, participants were asked to identify their 
race, which also included an option of Hispanic eth-
nicity. The classifications included in this study were 
non-Hispanic white, non-Hispanic black, Hispanic/
Latina, or other race/ethnicity. Women from various 
Asian races/ethnicities comprised the “other” category, 
which was less than 3% of the population. 
Total household income was operationalized as 
income from jobs, public assistance, unemployment, 
Supplemental Security Income, family or friends, or 
other sources. This was a categorical variable where 
respondents chose an income range that best fit their 
circumstances. Maternal education was categorized as 
less than high school, high school/general equivalency 
diploma, or post-high school. Respondents were also 
asked if they used tobacco or alcohol during pregnancy.
BV was diagnosed by evaluation of Gram-stained 
vaginal fluid samples, using Nugent’s method.37 A score 
of 0 to 10 was assigned, and BV status was defined as 
positive (score of 7 to 10), intermediate (score of 4 to 
5), or negative (score of 0 to 3). General health status 
was measured by asking participants, “Thinking back to 
the year just before this pregnancy, would you say your 
health was excellent, very good, good, fair, or poor?” 
Perceived stress was measured using a 14-item self-
report Cohen Perceived Stress Scale (CPSS), which 
measures the degree to which a respondent appraises 
stressful circumstances along dimensions of unpredict-
ability, uncontrollability, and overload.43,44 Examples of 
items in this scale include, “You have felt that you were 
unable to control the important things in your life,” 
“You have felt nervous or stressed,” and “You have felt 
that you were on top of things.” Participants answered 
based on a Likert scale of 0 to 4 regarding the degree 
to which the item related to them in the past month 
(0 5 never, 1 5 almost never, 2 5 sometimes, 3 5 
fairly often, or 4 5 very often). A total CPSS score 
was computed by summing across all items. The scores 
ranged from 0 to 51. This scale is recommended for 
examining the role of appraised stress in the etiology 
of disease.44 The CPSS has good internal reliability and 
fair test-retest reliability among college and community 
samples as well as samples of pregnant women36,37,43 
(sample Cronbach’s alpha 5 0.81). The final scores 
were categorized as greater than or less than/equal 
to the median score of 24. 
Statistical analyses
Univariate analyses were conducted to assess the dis-
tribution and frequency of redlining and residential 
segregation for the overall pregnancy cohort and by 
race/ethnicity. Bivariate associations were also assessed 
between the redlining and segregation and between 
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redlining and other individual characteristics. We used 
SAS version 9.2 for the statistical analyses.41 
GIS mapping
We used ArcGIS® version 9.3 to create a color-coded 
map of the levels of residential redlining for each 
census tract in Philadelphia County.45 We created maps 
for the years 1999–2004; however, only the map for the 
year 2000 is included in this article. 
The secondary analysis was approved by the Univer-
sity of North Carolina at Chapel Hill Nursing-Public 
Health Institutional Review Board.
RESULTS
Figure 2 is a map of residential redlining across the 
various census tracts in Philadelphia County during the 
year 2000. Center City and Lower North Philadelphia 
are characterized by having low levels of redlining 
with the lighter shades toward the middle of the map. 
There are a few pockets of the highest levels of redlin-
ing throughout Philadelphia, with the regions of Far 
Northeast Philadelphia also having neighborhoods with 
redlined indices greater than 3.0. The aforementioned 
neighborhoods are based on Philadelphia’s Planning 
Analysis Sections.46
In developing the index of residential redlining, 
we explored the basic characteristics of the mortgage 
loans included in HMDA. The percentage of mortgage 
loans denied ranged from 8.0% to 12.1% among the 
entire Philadelphia County population from 1999–2004 
(data not shown). We also evaluated the crude relation-
ship between race and loan disposition among loan 
applicants in Philadelphia County (Table 1). Based 
on the crude associations, we found that the average 
black applicant was more likely to be denied a loan 
compared with a white applicant for all six years (e.g., 
1999 OR52.16, 95% confidence interval [CI] 1.96, 
2.39; and 2004 OR52.51, 95% CI 2.30, 2.74) (data 
not shown). When controlling for the loan amount 
and the applicant’s income and gender, we still found 
a slight elevation in the odds of denial among black 
applicants compared with white applicants (e.g., 1999 
OR52.00, 95% CI 1.63, 2.28; and 2004 OR52.26, 95% 
CI 1.98, 2.58) (Table 1). 
Table 2 includes residential redlining indices and 
neighborhood characteristics for the entire pregnancy 
cohort and by race/ethnicity. The majority of the 
pregnant women were non-Hispanic black followed by 
Latina/Hispanic, non-Hispanic white, and other racial/
ethnic minority groups. The majority of the pregnancy 
cohort (77.7%) lived in redlined areas. The redlining 
indices ranged from 0.31 to 6.82 among the cohort 
(Table 2). Non-Hispanic black women were more 
likely to live in redlined neighborhoods compared 
with women of other racial/ethnic groups (p0.001). 
The mean scores were 2.00 for non-Hispanic black, 
1.92 for non-Hispanic white, 1.83 for Latina/Hispanic, 
and 1.88 for women of other racial/ethnic minority 
groups. Non-Hispanic black women were also more 
likely to live in segregated neighborhoods compared 
with women of other racial/ethnic groups (p0.001).
Among the neighborhoods where the overall 
pregnancy cohort lived, residential redlining was 
positively associated with the percentage black, black 
dissimiliarity, and black isolation at the census tract 
level (r50.155, r50.250, and r50.174 respectively) 
(Table 3). Residential redlining was negatively associ-
ated with the black exposure segregation index (r5 
–0.115). These same relationships held among the 
neighborhoods where the participants who were non-
Hispanic black and Hispanic lived (results not shown). 
Figure 2. Map of residential redlining in Philadelphia 
County, Pennsylvania: HMDA data, 2000a
aThis figure shows a map of the level/amount of residential redlining 
for each census tract in Philadelphia County in 2000. The redlining 
indices are calculated as the odds ratios for the black-white 
difference in mortgage loan denials after controlling for income, loan 
amount, type of loan, and gender of applicant. The HMDA data 
were used to calculate the redlining indices.
HMDA 5 Home Mortgage Disclosure Act
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However, among the neighborhoods where the non-
Hispanic white participants lived, residential redlining 
was positively associated with the dissimilarity and 
exposure indices (r50.403 and r50.128, respectively) 
but negatively associated with the percentage black and 
isolation index (r5 –0.108 and r5 –0.025, respectively). 
We also examined the relationship between redlin-
ing and the various segregation measures by deter-
mining the mean redlining index for each level of 
segregation (Table 4). We found some general trends 
where there was a positive and significant association 
between redlining and segregation as measured by 
percentage black, black dissimilarity, and black isola-
tion. However, the mean redlining scores were highest 
among very low and high black exposure.
Finally, we examined residential redlining and 
segregation in relation to various individual-level risk 
factors and health outcomes among the pregnancy 
cohort (Table 5). We found no significant relation-
ships between residential redlining and the individual 
pregnancy-related factors. However, we found some sig-
nificant associations between some of the segregation 
measures and the pregnancy-related factors. Percentage 
black was significantly associated with maternal income 
and education, but there was no linear trend. Tobacco 
use and alcohol use during pregnancy were positively 
associated with dissimilarity (p0.0001 and p0.001, 
respectively), although the differences were slight. 
BV was positively associated with percentage black 
(p0.001) and isolation (p0.0001), but negatively 
associated with exposure (p0.0001). General health 
status was positively associated with percentage black 
and isolation (both p50.005), and perceived stress was 
negatively associated with percentage black (p0.001) 
and isolation (p0.0001). Finally, low birthweight was 
positively associated with percentage black (p0.001) 
and isolation (p50.0001), but negatively associated 
with exposure (p50.001).
DISCUSSION
Traditional risk factors alone do not explain all of the 
excess perinatal risk experienced by African American 
women. Racism should be studied as it is a unique 
exposure for African Americans and can potentially 
explain the disparity. However, few measures of insti-
tutional racism are used in perinatal health research 
or public health research in general. In this article, we 
demonstrated the use of the HMDA dataset to create 
a community-level index for residential redlining to 
capture the effects of intuitional racism. We demon-
strated a method for improving the contextual analysis 
of institutional racism by developing and applying a 
redlining index at the community level and illustrated 
its application in a population of pregnant women 
in Philadelphia. The multilevel model we applied to 
create the index allowed us to strengthen our census 
tract-specific estimates for redlining by also optimiz-
ing information across census tracts in Philadelphia 
County.47 Similar to the use of the U.S. Census in 
creating community-level measures such as residential 
segregation, economic deprivation, and neighbor-
hood deprivation, using HMDA data to create indices 
for residential redlining can provide neighborhood 
contextual information important for understanding 
the social determinants of health inequities.6,14,26,48–50 
The residential redlining measure provides contex-
tual information about mortgage and housing discrimi-
nation among various communities that is not captured 
in other measures such as residential  segregation. 
Table 1. Racial differences in mortgage loan denials in Philadelphia County, Pennsylvania: HMDA data, 1999–2004
Year
Applicant race
Adjusted OR (95% CI)a
Black White
N Percent denied N Percent denied
1999 6,558 17.1 8,832 8.7 2.00 (1.63, 2.28)
2000 7,110 16.3 8,996 8.2 1.88 (1.57, 2.25)
2001 5,647 13.7 8,196 7.2 1.85 (1.55, 2.21)
2002 5,431 11.3 9,178 6.3 1.73 (1.70, 1.76)
2003 6,189 15.4 11,168 7.4 2.23 (1.92, 2.59)
2004 6,177 18.8 13,956 8.5 2.26 (1.98, 2.58)
aAdjusted for loan amount, income, and gender of the applicant
HMDA 5 Home Mortgage Disclosure Act
OR 5 odds ratio
CI 5 confidence interval
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Residential segregation can have either a positive or 
negative influence on health, producing an environ-
ment that may be inequitable and stress-inducing or an 
environment where people choose to live for protective 
reasons (e.g., ethnic enclaves). In contrast, residential 
redlining limits choices and forces people to live in 
neighborhoods that may not have been in their best 
interest, as it was not their choice. Redlining may have 
a more negative association. These neighborhoods may 
be more likely to be underserved or stress-inducing. 
Additionally, the residential redlining measure can 
provide additional information about neighborhood 
structure, opportunities, and development when taken 
into consideration with other neighborhood measures. 
Among mortgage applicants in Philadelphia County 
included in the HMDA database between 1999 and 
2004, black applicants were more likely to be denied 
a mortgage loan compared with white applicants. 
When applying the redlining index to the neighbor-
hoods where the pregnancy cohort participants lived, 
we found that the pregnant women were more likely 
to live in redlined neighborhoods. This means that 
on average, the participants in the pregnancy cohort 
study lived in neighborhoods where black people were 
twice as likely as white people to be denied a mortgage 
loan. We also found that non-Hispanic black women 
from the pregnancy cohort were more likely to live 
in redlined neighborhoods compared with women of 
other racial/ethnic groups. The possible reasons for 
this effect are that non-Hispanic black people, and 
black communities in general, have been historically 
subject to discrimination in housing and the mortgage 
industry.8,26,32,33,51,52 
We also found that residential redlining was asso-
ciated with residential segregation and percentage 
black among the neighborhoods in which the preg-
nancy cohort lived. Redlining was also associated 
with a greater percentage black on the census-tract 
level among the pregnancy cohort. Although these 
neighborhood-level constructs were associated, their 
correlations were small. This finding suggests that the 
residential redlining index included in this study may 
be capturing a separate construct from the segregation 
measures. As a result, redlining may be a broader con-
struct of institutional racism than segregation. 
We did not find a significant association between 
redlining and the pregnancy-related outcomes. There 
may be several reasons for this lack of association. 
First, residential redlining is an institutional practice 
and upstream factor that has historically and currently 
influenced other neighborhood factors such as segrega-
tion. Because of this historical influence, we may not 
empirically be able to see a direct effect of residential 
Table 3. Pearson correlation coefficients of residential redlining and segregation for the  
pregnant population, Philadelphia County, Pennsylvania, 1999–2004
Measure 
Correlations with residential redlining 





white women Hispanic women
Percent black, census tract 0.155a 0.184a –0.108b 0.061
Black dissimilarity index 0.250a 0.216a 0.403a 0.260a
Black exposure index –0.115a –0.154a 0.128b –0.152a
Black isolation index 0.174a 0.203a –0.025 0.106b
ap0.001
bp0.05 
Table 4. Redlining scores by level of segregation 
for the pregnant population, Philadelphia County, 
Pennsylvania, 1999–2004
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redlining on pregnancy-related outcomes. Second, 
there was insufficient variation in residential redlin-
ing at the neighborhood level among the pregnancy 
cohort and for various racial/ethnic groups within the 
cohort. This lack of variation may also have influenced 
our ability to estimate associations between redlining 
and health. Additionally, there may be important 
unmeasured mediators in the relationship between 
redlining and pregnancy outcomes, thus influencing 
this association. 
One previous study examining residential redlin-
ing and health among Chinese Americans did find 
a significant association.14 We did not examine the 
redlining-pregnancy outcome relationship for each 
racial/ethnic group separately. Some studies examining 
neighborhood context and health argue that these rela-
tionships may differ by racial/ethnic group. However, 
we did find significant associations with some of the 
segregation measures and pregnancy-related outcomes. 
Other studies have shown that segregation increases 
pregnancy-related risks, and we hypothesized a similar 
relationship for residential redlining.8,9,15,18,53 Residen-
tial segregation has been suggested as the “cornerstone” 
on which racial/ethnic inequities have been built, 
and residential redlining has been noted as a major 
contributor to existing residential segregation.25,29,54 
Limitations
Using the HMDA as a means to measure residential 
redlining does have a few limitations. HMDA does not 
include information about an applicant’s employment 
status, debt-to-income ratio, or credit scores, which are 
important factors in measuring and understanding 
loan disposition.52 Some of these factors could have an 
effect on the actual redlining constructs developed in 
this study, but could not be directly measured during 
the years in which this study took place (1999–2004). 
Another general challenge in applying neighbor-
hood constructs in health research is the use of 
administrative units, such as census tracts, to define 
neighborhoods. The smallest unit of analysis included 
in the HMDA database is the census tract; hence, this 
administrative cluster drives data analysis. However, 
researchers investigating the neighborhood context 
in relation to children’s health and perinatal health 
have concluded that using smaller block group admin-
istrative units vs. census tracts yielded similar results, 
although use of larger units such as ZIP codes becomes 
more problematic.55,56 
Missing race data in the HMDA may also pose a 
challenge. After applying specific exclusion criteria for 
the HMDA analytic sample, approximately 15% of the 
loans were missing data for race for 1999. Using data 
from 1993–1999, one study found that race data were 
missing for systematic reasons and that applications 
from black and Hispanic people may be more likely 
to be without race data than applications from white 
people, suggesting that denial rate disparities may 
actually be underestimated.57 
Strengths
This study had multiple strengths that constitute 
wider usage of the HMDA data to capture residential 
redlining for health research. The HMDA data provide 
annual information on mortgage lending and include 
applicant characteristics such as race, gender, and 
income. This data source is useful in measuring racial, 
income, and gender disparities in mortgage lending 
for overall populations and for specific regions. In this 
study, we applied multilevel modeling techniques to cal-
culate region-specific estimates of residential redlining 
based on race. We were also able to acquire estimates 
for residential redlining over a six-year period using 
cross-sectional data from 1999–2004, rather than only 
one year, thereby strengthening the methods applied 
in a previous study. Although lending disposition is a 
complex phenomenon influenced by multiple factors, 
these data provide additional information in relation 
to mortgage lending and housing as social determi-
nants of health. Neighborhoods that are character-
ized as redlined may be important in understanding 
racial/ethnic health inequities and the social context 
in which pregnant women, and other populations in 
general, live.55  
Finally, the HMDA dataset is a public administrative 
database that is useful for monitoring and measuring 
mortgage lending.58 These HMDA data are now avail-
able online in a downloadable format that includes 
individual loan information for all loans in the U.S. for 
a given year. This is a public access database, similar 
to the U.S. Census, which could be applied to future 
health studies in an effort to understand a form of 
institutional racism as a contributor to existing health 
inequities.
CONCLUSIONS
The HMDA dataset provides a means to measure 
residential redlining and may provide insight into 
upstream factors contributing to racial/ethnic inequi-
ties in health and other outcomes. Racially/ethnically 
segregated neighborhoods could be a direct result of 
institutional discriminatory practices such as redlin-
ing or a result of the choices of individuals selecting 
places to live. Redlining, however, is not a choice but 
a practice imposed disproportionately upon black 
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communities and other communities of color, thus 
having the possibility of a negative effect on health, 
unlike other segregation measures.
The redlining index allows researchers to apply an 
institutional measure in an effort to examine social 
and contextual factors in conjunction with individual 
factors. This index can be constructed for neighbor-
hoods (i.e., census tracts) throughout the U.S. and 
applied to a variety of health studies examining the 
neighborhood and social context. Additionally, this 
residential redlining index provides a new measure that 
differs from measures for residential segregation used 
in other health studies. Moreover, the HMDA database 
and methods presented in this study provide an avenue 
for multidisciplinary research and work in the areas of 
housing and public health. Future studies could utilize 
the HMDA database and incorporate this contempo-
rary measure of residential redlining to elucidate the 
influence of individual factors and upstream policies 
(current and historical) on various health outcomes, 
with the goal of eliminating health-related inequities.
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